In this study we investigated the spatial distribution of the plankton community, bacterio-, phyto-, and zooplankton, in 
INTRODUCTION
Coastal and estuarine environments are highly productive ecologic systems that are extremely interlinked with human activities (De Jonge et al., 2002) . Estuarine systems are therefore consummately variable and stressful aquatic biotopes in which environmental conditions can abruptly change over both space and time (González-Ortegón et al., 2006) . Thus, estuaries constitute dynamic ecosystems where the water circulation, anthropic impacts, and the influence of the surrounding land produce a high flux in the distribution and structure of the planktonic populations.
In estuaries, it is the variation itself in salinity (and other physical conditions such as temperature and turbidity) that can be the major source of stress to the organism (Wilson, 1994) . In addition, eutrophication and organic pollution through the anthropic input from agricultural activities and domestic, industrial, and urban discharges strongly modulate plankton community biomass and composition (De Jonge et al., 2002; Paerl et al., 2010) . Thus, in several studies plankton is considered as a useful ecological indicator to evaluate the impact of anthropogenic activities on the functioning of ecosystems in coastal environments (Beaugrand, 2005; Verlecar et al., 2006) . For example, anthropogenic perturbations strongly modulate the phytoplankton-community biomass and composition (Paerl et al., 2010) , because of its direct link and sensitivity to nutrient loading (Borja et al., 2012) . On the other hand, in other estuaries, zooplankton response is predicting to environmental changes like salinity, water temperature, and turbidity (Marques et al., 2008) , and some zooplanktonic species should be considered as a potential indicator of the impact of sewage (Dutto et al., 2012) .
The Río de la Plata basin is affected by large crop areas and cattle breeding on both margins. In addition, N o n -c o m m e r c i a l u s e o n l y large urban and industrial areas surround this estuary (those being mainly the cities of Buenos Aires and Montevideo, with a total of about 13 million inhabitants) that also affect the coastal aquatic habitats and water quality (Mianzan et al., 2001) . Because of the extensive human population along the Río de la Plata's shores, the estuary is subjected to sewage input from large and small coastal cities, industrial waste discharges, spills of oil and other materials associated with maritime transport, and changes in the topography of the river bottom through the dredging of access channels (Framiñán and Brown, 1996) . Different studies on the Río de la Plata estuary have analyzed the diversity and structure of the phytoplankton in the coastal fringe and the fluvial-mixohaline axis (Roggiero, 1988; Gómez and Bauer, 1998; Gómez et al., 2002 Gómez et al., , 2004 Kogan, 2005) . Moreover, environmental modulation of phytoplankton biomass and production has been extensively evaluated along a large-scale gradient between the Río de la Plata estuary and the shelf-brake off Uruguay (Calliari et al., 2005 (Calliari et al., , 2009 . Also, Alonso et al. (2010) analyzed for the first time the abundance and composition of bacterioplankton along the salinity gradient occurring in the outer region of the Río de la Plata. Nevertheless, so far no ecological studies have been undertaken on the whole plankton community (i.e., bacterioplankton, phytoplankton, and zooplankton) along the freshwater intertidal coast of the Río de la Plata estuary where high eutrophication and organic pollution are more influential. The main goal of this study was therefore to analyze structural changes in the coastal plankton of Río de la Plata along a natural gradient modified by nutrients and organic matter. We specifically i) analyzed spatial patterns of density and biomass of decomposers (bacteria), producers (phytoplankton), and consumers (zooplankton), ii) related those patterns to the main variables that define both the natural gradient (conductivity and turbidity) and the anthropogenic gradient (nutrient and organic matter), and iii) identified the indicators of plankton that best reflect changes in water quality. We expected that the natural structuring of the planktonic community assemblage by salinity and turbidity, known to be true of estuaries, would be significantly modified by high eutrophication levels along the intertidal coast of the Río de la Plata estuary.
METHODS

Study area
The Río de la Plata is an extensive, shallow coastalplain estuary on the southeastern shore of South America (Mianzan et al., 2001) . The tidal range varies from 30 to 100 cm, tidal currents are typically below 45 cm s -1 , and the residence time is 46.6 days in the estuary's mixohaline zone (Guerrero et al., 1997) . This study was carried out along the southwest intertidal coast of the Río de Plata estuary between the coordinates 34º 27' S, 58º 30' W and 35º 27' S, 56° 45' W. Twelve intertidal sites affected by different land uses were established along 170 kilometers of the coastline (Fig. 1) . The northernmost sites (S1 and o n l y S2) are exposed directly to the impact of human, navigational, and port activities of Buenos Aires city. Site 3 is exposed to continuous domestic-and industrial-effluent discharges into the already polluted Santo Domingo stream as well as downstream of the Matanza-Riachuelo River. Site 4 corresponds to a recreational area. Site 5 is located close to the sewage effluent of Buenos Aires city. Site 6 is exposed mainly to recreational and fishing activities. Site 7 is located on the natural reserve Selva Marginal de Punta Lara, though it is exposed directly to a strong discharge of domestic and industrial effluents. Site 8 is situated on the area surrounding the La Platacity sewage effluent downstream. Sites 9 through 12 are exposed to small-scale recreational and fishing activities, while the last of these sites is the closest one to the mouth of the estuary. The hydrodynamic of the study area is defined by the corridor Paraná de las Palmas River (sites 1 through 10) and the recirculation zone (sites 11 and 12; Jaime et al., 2001) .
Sampling procedure
Field sampling was carried out in October 2007 and May, September, and December 2008. We measured parameters in situ, such as water temperature, dissolvedoxygen concentration (DO), pH, conductivity, and turbidity, with a digital multiparameter Horiba sonde and estimated the salinity from the conductivity and temperature measurements. Surface water samples were collected for the analysis of dissolved nutrients: phosphate (P-PO 4 -3 ), nitrite (N-NO 2 -), nitrate (N-NO 3 -), ammonium (N-NH 4 + ; Mackereth et al., 1978) ; chemical oxygen demand (COD) and biological oxygen demand (BOD 5 ; APHA, 1998) .
To perform bacteriological analyses, we collected surface-water samples in sterile 10-mL vials and added formalin to 2% (v/v) for fixation. For the quantitative analysis of the phytoplankton, we sampled 125 mL of surface water, fixed the organisms present with 4% (v/v) formalin, and stored the samples in amber glass bottles. Finally, for the study of the zooplankton, we filtered 100 L of water through a plankton net (32-µm mesh), concentrated the sample in the bucket, and fixed the specimens with 4% (v/v) formalin. All plankton samples were collected and processed in triplicate.
Plankton abundance and biomass
We determined the abundance of the total bacteria by epifluorescence microscopy after staining the sample with 4', 6-diamino-2-phenyl-indole (DAPI) and filtration through a polycarbonate black filter of 0.2-µm pore diameter (Porter and Feig, 1980) . We estimated the bacterial biomass from the biovolume and density of each bacterial form using an allometric relationship (Norland, 1993) and expressed the results in pg C utilizing the conversion factor proposed by Bratbak and Dundas (1984) .
We estimated the abundance of the phytoplankton according to Lund et al. (1958) , with an Olympus IX 51 inverted microscope at 400x in 5-to 10-mL sedimentation chambers according to the amount of suspended solids present in the sample and then identified the species with an Olympus BX 50 microscope under phase-contrast and interference optics at a magnification of 1,000x. Phytoplankton biovolume was calculated using the formula proposed by Hillebrand et al. (1999) and thereafter transformed into carbon content according to MendenDeuer and Lessard (2000) .
We counted zooplankton using a 1-mL SedgwickRafter chamber (APHA, 1998) . We estimated microzooplankton biomass based on the densities and biovolume measurements of the organisms, assuming the morphologies approximated regular geometrical shapes (RuttnerKolisko, 1977; Kogan, 2005) . The biovolume was then converted to dry weight after Mc Cauley (1984) . We estimated the dry weight of other zooplanktonic groups (cladocerans, copepods, and nematodes) using a regression formula that expressed weight as a function of length in a linear morphology (Wieser, 1960; Dumont et al., 1975; Bottrell et al., 1976; Riemann, 1990) . For converting the data of dry weight into values of organic-carbon content, we used the factors that had been proposed for each different group: aloricate ciliates (Putt and Stoecker, 1989) , tintinnids (Verity and Langdon, 1984) , rotifers (Heinbokel et al., 1988) , copepods (Beers and Stewart, 1970) , nematodes (Feller and Warwick, 1988) , and cladocerans (Margalef, 1983) .
Classification and data analyses
Statistical data analyses were carried out upon consideration the most representative species in abundance throughout the sampling period. Plankton was classified into different size fractions according to Margalef (1955) : picoplankton (<5 µm), nanoplankton (5-50 µm), microplankton (50-500 µm), and mesoplankton (500-1000 µm). To analyze the relationship between density and biomass of major taxonomic groups of plankton and the physicochemical variables, we used independent multipleregression analyses based on the stepwise-forward-selection method. To avoid multicollinearity effects, the salinity values were excluded from the analyses because this variable was highly correlated with conductivity (r>0.96).
We also performed two redundancy analyses (RDAs) to explore the relationship among the physicochemical variables, the study sites, and the biomass of both: the planktonic size fractions and the major taxonomic groups. These statistical analyses were performed after confirming through a preliminary detrended analysis of correspondence that the length of the gradient in units of standard de-N o n -c o m m e r c i a l u s e o n l y viation obtained was lower than 4 (Lepš and Šmilauer, 2003) . The physicochemical variables selected for these analyses were conductivity, DO, turbidity, temperature, COD, BOD 5 , P-PO 4 -3 , N-NO 3 -, N-NO 2 -, and N-NH 4 + as they showed an inflation factor of variance <10 (an inflation factor of variance >10 may indicate multicolinearity between variables; Ter Braak and Verdonschot, 1995) . The overall significance of the ordination and of the first two axes was tested by a Monte-Carlo permutation test (P<0.01) with the condition of restricted permutations.
All statistical analyses were done by means of JMP statistical software (v9.0 SAS Institute) and CANOCO software for Windows (v4.5). To meet the requirements of normality and homoscedasticity, density values were square-root transformed, whereas biomass and physicochemical data were transformed applying log 10 (x +1).
RESULTS
Physicochemical variables
Tab. 1 summarizes the descriptive statistics of the physicochemical parameters measured at the study sites. . The study sites 9 through 12 (those being close to the mouth of the estuary) exhibited remarkable increases in conductivity from 1,299±975 to 6,452±3,841 µS cm -1 , turbidity from 723±251 to 847±276 NTU, and salinity from 0.97±0.80 to 5.18±2.51 PSU.
Density and biomass of coastal plankton
A total of 332 taxa were identified, but only 57 were chosen for consideration according to the selection criteria cited in the classification and data analyses section. The selected taxa accounted for 89.9% of the total density (Supplementary Tab. 1).
Bacterial density revealed two main peaks at sites 3 and 7 with mean values (±SD) of 11.6±4.5x10 7 cell mL , respectively). Between sites 5 and 8 the density first decreased and then remained constant at an average value of 1.54±0.50x10 2 ind. L -1 , whereas the sites 9 through 12 had the lowest average density (0.31±0.17x10 2 ind. L -1 ). We recorded the highest zooplankton biomass at Site 1 (22.1±21.0x10 3 pg C mL -1 ), while at the other sites the biomasses ranged from 2.4±1.0 to 10.4±9.3x10 3 pg C mL -1 (Fig. 2) . Multiple-regression analysis indicated that the BOD 5 and turbidity were the . After entering all the variables into the multiple-regression analysis, we were unable to find a significant model to predict zooplankton biomass.
When the phytoplankton were analyzed by the size fractions of the organisms present (Fig. 3) , the total biomass of the nanophytoplanktonic cells (357x10 3 pg C mL -1 ) represented 84.3% of the total phytoplankton biomass, and the distribution among the study sites followed a pattern similar to what we had observed for the phytoplankton biomass. The biomass of the picophytoplankton represented 2.4% of the total phytoplankton biomass and exhibited a single remarkable peak at Site 3 with a mean biomass of 9.8±8.9x10 3 pg C mL -1 (Fig. 3) . The microphytoplankton biomass accounted for 13.3% of the total phytoplankton biomass and increased from 0.2±0.1x10 3 pg C mL -1 at Site 8 to the highest value of 26.6±14.0x10 3 pg C mL -1 at Site 11 (Fig. 3) . By contrast, the zooplankton biomass was composed of 45% microzooplankton and 55% mesozooplankton. The highest biomass of the microzooplankton occurred from sites 3 through 5 (6.9±2.2x10 3 pg C mL -1 ) and at Site 10 (6.5±6.1x10 3 pg C mL -1 ), while the lowest values were recorded at sites 1 and 9 (0.8±0.3x10 3 pg C mL -1 and 1.1±0.4x10 3 pg C mL -1 ; respectively; Fig. 3 ). The mesozooplankton biomass was about sevenfold higher at Site 1 (21.4±20.8x10 3 pg C mL -1 ) than the average biomass measured in the other eleven sites (3.2±2.2x10 3 pg C mL -1 ; Fig. 3 ). The major taxonomic groups of phytoplankton were: diatoms, with up to 80.5% of total phytoplankton abundance, follow by chlorophytes 14.2%, euglenophytes 3.6%, and cyanobacteria 1.7%. The diatom biomass had a variable distribution among the study sites but showed the highest peak at Site 8 (57.2±31.4x10 3 pg C mL -1 ; Fig.  4) . The chlorophytes exhibited a single peak at Site 3 with a biomass of 58.1±64.6x10 3 pg C mL -1 (Fig. 4) . The cyanophyte profile contained two distinguishable biomass peaks at sites 1 and 3 (2.9±2.2x10 3 pg C mL -1 and 1.6±1.0x10 3 pg C mL -1 ; respectively), while at the other sites the average biomass was 0.3±0.2x10 3 pg C mL -1 (Fig. 4) . The euglenophytes also exhibited two peaks, but at sites 3 and 5, with the biomasses at those two being ca. twentyfold higher than the values for all the remaining study sites (Fig. 4) . Fig. 4 depicts the distribution of biomass among the major taxonomic groups of zooplankton over the different study sites. The major taxonomic groups that best represented the zooplankton biomass were the copepods at 62.7% followed by the rotifers at 22.5%, while the remaining 14.8% was explained by the biomass of the cladocerans, nematodes, aloricate ciliates, and tintinnids. The highest copepod biomass occurred at Site 1 (21.0±20.5x10 3 pg C mL -1 ) followed by a second peak at Site 10 (9.1±9.6x10 3 pg C mL -1 ), whereas the lowest value was recorded at Site 3 (0.6±0.6x10 3 pg C mL -1
). The rotifers were found to be higher at sites 3 through 5 with an average biomass of 5.4±2.5x10 3 pg C mL -1 , but we also registered a second peak at Site 8 of 3.1±2.5x10 3 pg C mL -1
. The biomass of the nematodes at Site 12 (19±1.6x10 3 pg C mL -1 ) was ca. four times higher than the average biomass of this phylum in the other study sites. The cladocerans showed a single peak at Site 7 with a biomass of 1.3±1.6x10 3 pg C mL -1 . The aloricate-ciliate biomass also exhibited a single peak, but at Site 3 (2.6±2.2x10 3 pg C mL -1
). The highest biomass of the tintinnids was observed at sites 4 and 6 (1.3±1.6x10 3 pg C mL -1
).
Relationship between the physicochemical variables, sites, and plankton biomass
The first RDA ordered the physicochemical variables, the study sites, and the biomasses of the taxa arranged by size class along two principal components accounting for 89.3% of the total variance (Fig. 5) . The analysis indicated two distinguishable groups: the first showed a significant association between different taxa belonging to small-size plankton (picophytoplankton, nanophytoplankton, and microzooplankton) that were also correlated with sites with high values of N-NH 4 + , P-PO 4 -3 , and BOD 5 ; while the second related the microphytoplankton to those sites with higher conductivity and turbidity.
The first two ordination axes of the second RDA considering the biomass of the taxa classified according to the major taxonomic groups within the plankton community, accounted for ca. 80% of the total variance (Fig. 6 ). We observed a strong association between the biomass of the euglenophytes, chlorophytes, and rotifers. These taxa were also related to those sites that exhibited higher values of N-NH 4 + , P-PO 4 -3 , and BOD 5 . In contrast, the biomass of the aloricate ciliates, tintinnids, and cyanobacteria constituted a different related group that was associated to those sites mainly influenced by higher levels of N-NO 3 -and N-NO 2 -. The biomass of the copepods was grouped to those sites that had high concentrations of dissolved oxygen, while the nematodes were associated with the sites with higher levels of conductivity and turbidity.
DISCUSSION
We found that the plankton community assemblage (size fractions and major taxonomic groups) was significantly modified by high eutrophication levels along the intertidal southwest coast of the Río de la Plata estuary. We observed that high densities and biomasses of bacterioplankton, picophytoplankton (chlorophytes and cyanobacteria), and microzooplankton (rotifers, aloricate ciliates, and tintinnids) were positively related to highly eutrophic and polluted sites along the inner portion of the N o n -c o m m e r c i a l u s e o n l y Río de la Plata estuary. In that area, more than 300 point sources of pollution have been identified as the primary cause of the eutrophication through the anthropic input from domestic, industrial, and urban discharges (Kurucz et al., 1998) . In contrast, we found that the biomasses of the microphytoplankton (diatoms) and mesozooplankton (copepods) correlated positively with the high turbidity and conductivity levels in the estuary's outer and less polluted area. Alonso et al. (2010) reported that the highest bacterial abundance (1x10 6 cells mL -1 ) was found in the frontal zone of southeast region of the Río de la Plata estuary in conjunction with high concentrations of organic matter and chlorophyll a. In addition, the authors suggested that the bacterial productivity and diversity would be higher in that particular area of estuaries. Instead, we found that the highest bacterial density (1x10 8 cells mL -1 ) was significantly associated to higher concentrations of nitrate and phosphate measured in that same inner part of the Río de la Plata estuary. Our estimation is far higher than the Alonso et al. (2010) and approaches to the value of 1x10 9 cells mL -1 for wastewater (Hagstrøm et al., 1979; Fuhrman and Azam, 1982) . We assume that this atypical value estimated for the most polluted area could be related to other variables, besides that positive correlation with nitrate and phosphate, not included in this study. For instance, a higher availability of organic substrates resulting from anthropic pollution and/or originated in situ by other plankton groups could also significantly increase bacterial abundance. We therefore believe that this atypical value could be considered as an useful indicator of the water quality conditions in that particular area of the estuary
The average phytoplankton density (ca. 1,100 cell mL -1 ) along the intertidal coast of the Río de la Plata estuary was ten-times higher than the density observed along the fluvial-mixohaline axis (Gómez et al., 2004) and four-times higher than along the coastal fringe (Gómez and Bauer, 1998) in the same system. In these studies, however, the authors observed that density significantly increase in environmentally eutrophic sites located in the upper zone of the Río de la Plata. We also observed that phytoplankton density was higher at the most polluted area. Nevertheless, our estimation was twentyfold higher than the highest density observed by Gómez et al. (2004) , three-times higher than that estimated by Gómez and Bauer (1998) , and about thirtyfold higher than the average value estimated for the other eleven sites in this study. In contrast, the density was lower in the outer portion of the estuary mouth, where the salinity level was higher. The density of phytoplankton has been reported to be enhanced by the input of inorganic nutrients as consequence of anthropic impact and by a decreased abundance of phytoplankton consumers as a result of low oxygen levels (Paerl et al., 2003; Kromkamp and Peene, 2005) . Likewise, we found that density was positively correlated with P-PO 4 -3 levels, but negatively so with conductivity and zooplankton density. Site 3 is characterized by the highest level of eutrophication and organic pollution and, as such, dissolved oxygen level would be a limiting variable. We therefore believe that the condition of significantly low-dissolved oxygen at that site probably had negatively affected the abundance of phytoplankton consumers and, in that way, facilitated the development of high densities of phytoplankton.
The average phytoplankton biomass over the entire in- , but the highest biomass of the phytoplankton was ca. twofold higher at the most polluted area of the estuary. Nonetheless, our estimations are lower than those reported for the freshwater tidal zone (56x10 3 pg C mL -1 ) as well as the mixohaline zone (231x10 3 pg C mL -1 ) of the Río de la Plata estuary (Gómez et al., 2004) . The nanophytoplankton biomass, mostly comprised of small diatoms and cyanobacteria, represented a large proportion (84%) of the total phytoplankton biomass. A similar proportion had also been reported for other regions of the Río de la Plata estuary (Gómez et al., 2004) and other communities of estuarine phytoplankton (Detmer and Bathmann, 1997; Tarran et al., 2001) . The biomass of picophytoplankton and nanophytoplankton (mainly consisting of chlorophytes chlorococcales, cyanobacteria, and small diatoms, respectively) was positively associated with the most polluted area characterized by high concentrations of P-PO 4 -3 and N-NH 4 + and the greatest bacterial density and biomass. In agreement with Jacquet et al. (1998) , we adopt the idea that phosphorus availability regulates the biomass and density of the smaller-sized plankton groups such as the bacteria, the pico-, and nanophytoplankton.
The highest microphytoplankton biomass, mainly composed of large diatoms, was positively correlated with study sites located within the outer part of the study area with higher levels of conductivity and turbidity. This distribution pattern was also observed by Carreto et al. (2003) and Calliari et al. (2005 Calliari et al. ( , 2009 in the outer zone of the Río de la Plata estuary, where lower levels of nutrients were recorded along with the highest turbidity and conductivity levels. Large cells that have a high growthto-size relationship are generally disfavored by stratification because they need turbulence to keep them suspended in the euphotic zone (Capriulo et al., 2002) . The high biomass of microphytoplankton observed in areas with lower concentrations of nutrients and high turbidity may be attributable to a higher response to the fluctuating light in turbulent zones than smaller cells are capable of (Kiørboe, 1993) . In the outer area of the Río de la Plata, the high speed of the tidal current and wind cause turbulence inducing a resuspension of sediments and creating a zone of maximum turbidity and salinity along with a stratification influencing flocculation and the sedimentation speed of particulate matter (Simionato et al., 2011) . We thus believe that the prevalence of large cells of diatoms observed in the outer sites would have contributed to an increase in the total phytoplankton biomass despite the low phytoplankton density registered in that area.
We observed that the biomass of large-sized diatoms, mainly constituted by the genera Skeletonema, Actinocyclus, Cyclotella, and Aulacoseira, represented some 81% of total phytoplankton biomass, and the biomass of this group was also greater at the coastal sites close to the mouth of the Río de la Plata estuary. This diatom assemblage had also been recorded along the fluvial-mixohaline axis of the same study system (Gómez and Bauer, 1998; Gómez et al., 2004) and in the outer area of other estuaries worldwide (Mallin and Paerl, 1994; Muylaert and Sabbe, 1999; Domingues et al., 2005; Guinder et al., 2010) . The success of these genera in competition with other taxa might be related to those diatoms' adaptive response to stressful environments. Indeed, diatoms have a higher efficiency in capturing the light within turbid habitats, a higher tolerance to a wide range of salinity levels, and a chain structure that favors resuspension through a turbulent mixing of the water column, thus delaying sedimentation to the estuary bottom (Kiørboe, 1993) .
The Chlorophyta was the second most prevalent group contributing to the total biomass of the phytoplankton and were registered in a single peak at Site 3, the most eutrophic and polluted study site. We found that Dictyosphaerium was the more frequent genus within this taxonomic group. Consistent with our finding, this same genus had furthermore been reported to be one of the most frequent genera present in the inner section of the coastal fringe of the Río de la Plata estuary (Gómez and Bauer, 1998) . We believe that the prevalence of this group, and that representation occurring in a highly environmentally disturbed area, could be related to that genus' high growth rate, nutrient uptake, and tolerance to low salinities (Paerl et al., 2003) .
The Cyanophyta are generally known to thrive in environments rich in nutrients and of low salinities (Paerl et al., 2003; Sidik et al., 2008) . Nevertheless, the biomass estimated in this study represented only 1.7% of the total phytoplankton value. We observed that the most frequent genera within this group were Oscillatoria and Merismopedia. According to our estimation, these genera, as well as some potentially toxic individual species like Microcystis aeruginosa and Planktothrix agardhii, have been previously recorded in the Río de la Plata (Gómez and Bauer, 1998; Gómez et al., 2004) and in other estuaries (Muylaert and Sabbe, 1999; Domingues et al., 2005) . Like the Chlorophytes, the cyanobacteria tolerate low salinity levels and high nutrient uptake, conditions that allow them to inhabit polluted environments. Thus, we believe that these biologic features would explain why the biomass was higher in polluted and environmentally eutrophic sites characterized by less turbulent waters than in the outer area. Although the biomass of cyanobacteria was low in the phytoplankton, the concentration of cyanotoxins produced by M. aeruginosa and P. agardhii could significantly increase with algal blooms once long residence times are establish in late spring and summer (Andrinolo et al., 2007) . Moreover, the mere presence of these potentially toxic species is indicative of poor water quality.
The composition, biomass, and size structure of zoo-N o n -c o m m e r c i a l u s e o n l y plankton are strongly influenced by eutrophication (PintoCoelho et al., 2005) . In this study, the biomass of microzooplankton represented about 45% of the total biomass of zooplankton. The microzooplankton in the Río de la Plata is mainly modulated by food resources; which items, in turn, are subjected to environmental conditions in each area of the estuary (Kogan, 2005) . We found that the highest biomass was associated to the most polluted area in the intertidal coast of the estuary (6.9x10 3 pg C mL -1
) and coincided with high bacterial and picophytoplankton biomasses. Nevertheless, the biomass estimated in this study was five-times lower than that reported by Kogan (2005) for the fluvial-mixohaline axis (37.8x10 3 pg C mL -1 ). We believe that the condition of significantly low-dissolved oxygen registered at highly eutrophic and polluted study sites might have negatively affected the abundance of microzooplankton so as to yield a lower biomass than that reported by Kogan (2005) .
Organisms belonging to microzooplankton like ciliates and rotifers are capable of feeding on picophytoplanktonsized particles (Froneman, 2001) . These phytoplanktonic groups along with detritus constitute the main rotifer food resource (Arndt, 1991) . The redundancy analysis showed that the biomass of rotifers was related to the highly eutrophic and polluted sites and to high biomasses of chlorophytes and euglenophytes. This result is in agreement with the distribution pattern observed by Kogan (2005) for the fluvial-mixohaline axis in the Río de la Plata estuary. We also recorded microzooplanktonic species, such as Codonella cratera, Vorticella spp., and Keratella tropica, in sites where the nutrient concentrations and phytoplankton biomasses were high. In addition, aloricate ciliates are also capable of consuming smaller phytoplankton, including cyanobacteria, picoplanktonic chlorophytes, and bacteria (Callieri et al., 2002) . We likewise observed that the biomass of the aloricate ciliates was associated with higher biomasses of cyanobacteria and chlorophytes and in close relationship with study sites having higher concentrations of N-NO 2 -and N-NO 3 -. Furthermore, tintinnids have also been reported to have a higher density and biomass at sites with lower salinity and higher nutrient concentrations (Pierce and Turner, 1994; Kogan, 2005) . We accordingly observed the highest biomass of tintinnids at sites with higher concentrations of nutrients.
The mesozooplankton biomass represented 55% of the total zooplankton value and was mainly constituted by planktonic copepods that were associated with sites located at innermost part of the estuary, though we did find a peak of biomass at Site 10. In general, planktonic copepods prefer to feed on cells larger than 10 µm (Bautista and Harris, 1992) . For instance, diatoms such as Thalassiosira spp., Cyclotella meneghiniana, and Skeletonema costatum are the most frequently selected food source for copepods and other zooplankton groups (Mallin and Paerl, 1994) . We found that central diatoms dominated at sites located in the middle and outer area of the intertidal coast of the estuary. This trophic interaction might explain why we observed a peak of copepods' biomass at Site 10. According to this observation, we would have expected a significant association between copepods and diatoms, but the redundancy analysis showed no significant correlation between them. For instance, the diatom biomass was the lowest at the innermost part of the estuary, where we found the copepod biomass to be two-times higher in that area than in the outer region.
CONCLUSIONS
This work constitutes the first ecological study analyzing the spatial distribution of density and biomass of the plankton community along the freshwater intertidal coast of the Río de la Plata estuary. The evidence presented in this study would indicate that the eutrophication and organic pollution resulting from anthropic inputs increases the density and biomass of planktonic organisms such as the bacteria, the small-sized phytoplankton, and the microzooplankton species. Thus, the differences found in the taxonomic composition and size structure of the planktonic-community assemblage between the most polluted and less polluted sites highlights the significant impact of human activities in modifying the functioning of this coastal ecosystem.
Nevertheless, in order to understand completely the causality of the spatial variation documented in the present study, experimental manipulations, both in situ and in vitro, of the multitude of conditions and influences that could conceivably affect the size fraction and major taxonomic groups of intertidal plankton would be needed. We consider, however, that our findings provide new information on the utility of plankton as an indicator of water quality in estuaries and would constitute an excellent baseline for further ecological and water-quality research.
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